SEMICONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING A SEMICONDUCTOR DEVICE 



BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor device 
and a method of manufacturing the same, specifically to an 
effective technique for use in the semiconductor device 
incorporating high-speed ICs conforming to plural external 
supply voltages. 

In general-, the supply voltage externally supplied to 
LSIs formed on a semiconductor chip is not necessarily specified 
as one type, although the functions of the LSIs are identical. 
For example, the lower supply voltage is advantageous for 
higher-speed, or lower power consumption, but the time that the 
power supply voltage of the system using the LSIs is switched 
into the lower voltage in the market is not clearly foreseen, 
and the time comes differently depending on the users or the 
purposes for use. Some systems require modifying the supply 
voltage specif ication of the I/O ( Input /Output) circuit in view 
of the noises against the signal. 

Accordingly, an LSI manufacturer has to develop different 
LSIs with one and the same function at the same time, in 
correspondence with the different specifications of plural 
external supply voltages. In such a case, to develop the LSIs 



with the same function individually by each of the supply 
voltage specifications will require enormous design works, 
which invites an elongated development term and increased 
production cost. Therefore, the usual practice searches for 
common grounds as much as possible in the specifications of the 
circuits that can be designed commonly, thus enhancing the 
design efficiency. 



SUMMARY OF THE INVENTION 
The inventor has examined the circuit configuratic 
the LSI that has the same function and conforms to the two types 
of the external^sjappj^v^htt'age specifications. The system that 
the^R-velvtor has examined will be outlined as follows. 

Fig. 29 illustrates one example of the supply voltage 
specifications required for an LSI. The two types of external 
supply voltages (VDD) to be supplied to the LSI are assumed to 
be 3. 3 V and 2.5V; and the I/O supply voltages (VDDQ) are assumed 
to be 3. 3 V and 2.5 V. The I/O supply voltages (VDDQ) represent 
the maximum values of the input signal levels that are inputted 
to the LSI. The internal supply voltages (VDDI) (supply 
voltages for the internal circuits) are assumed to be 1 . 5 V in 
both specifications. 

Fig. 30 illustrates one example of the gate insulating 
film thickness (TOX) and the minimum processing gate length (Lg) 
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of the MOS transistor that is optimized so as to conform to the 
above three kinds of supply voltages {3 . 3 V, 2 . 5 V, 1 . 5 V) . As 
the supply voltage applied to the MOS transistor increases, the 
gate insulating film thickness (TOX) becomes thicker, and the 
minimum processing gate length (Lg) becomes longer accordingly . 

Fig. 31 illustrates one example of the LSI circuit 
construction conforming to the supply voltage specifications 
shown in Fig. 29. The LSI (000) is composed,*^ an input circuit 
(001), step-down circuit (002), interj-fal circuit (101), and 
output circuit (003) . The step-dotim circuit (002) lowers the 
external supply voltage (VDD)/to the internal supply voltage 



Jjj (VDDI) , which is supplied-^to the internal circuit (001) . The 
M. input circuit (001) j=md the output circuit (003) are directly 
C3 supplied with the^input signal (IN) and the I/O supply voltage 

m 

£3 (VDDQ) that>tfaries depending upon the external supply voltage 
specif i/iations . 

In the foregoing circuit construction, by designing the 
step-down circuit (002) to bring the internal supply voltage 
(VDDI) into 1.5 V in either case of the external supply voltage 
( VDD) being 3.3V and 2.5V, the design and manufacturing process 
of the internal circuit (101) can be unified into two types of 
LSIs. That is, in either of the LSIs , the internal circuit (101) 
is supplied only with the supply voltage of 1.5 V, and the 
internal circuit can be formed with MOS transistors having the 
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withstand voltage of 1.5 V shown in Fig. 30. 

On the other hand, the input circuit (001) and the output 
circuit (003) are formed with MOS transistors having such a 
withstand voltage that prevents breakdown of the gate 
insulating film even in case of the I/O supply voltage (VDDQ) 
being high (3.3 V), and the same circuit is also used in case 
of the I/O supply voltage (VDDQ) being low (2.5 V). That is, 
the input circuit (001) and the output circuit (003) are 
, t configured with the 3.3 V withstanding MOS transistor 

« having the gate insulating film thickness (TOX) = 8 nm and the 

6 

pj minimum processing gate length (Lg) =0.4 fj.m, as shown in Fig. 

□ 

□ 30, in either case of the LSI of 3.3 V specification and the 

h 

LSI of 2.5 V specification. 
PJ Fig. 32 is a circuit diagram illustrating the above 

Ul circuit construction in detail, and Fig. 33 illustrates the 

C3 

• N * waveforms of the internal operations in this circuit. The MOS 
transistors (fOl, f02) constituting the input circuit (001) and 
the MOS transistors (f 03 to f 10) constituting the output circuit 
(003) are supplied with the I/O supply voltage (VDDQ) and the 
input signal (IN) that differ depending on the external supply 
voltage specifications; therefore, the 3.3 V withstanding MOS 
transistor is used for these, as mentioned above. 

However, if this circuit construction is adopted, the I/O 
supply voltage (VDDQ) is brought into 2.5 V, in case of the LSI 
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with the specification of the external supply voltage (VDD) 
being 2.5 V; accordingly, the MOS transistor (005) is supplied 
with less than 2.5 V across the gate and the source thereof. 
Accordingly, the current drive capability of the MOS 
transistors (fOl to flO) is extremely lowered, since these 
transistors are optimized at 3 . 3 V, which creates a problem that 
increases the delay times of the input circuit (001) and the 
output circuit (003). 

Pig. 34 illustrates the second example of the LSI circuit 
q construction conforming to the supply voltage specifications 

nj shown in Fig. 29. This example forms inside the LSI (000) the 

Q 

p input circuit (001a) and the output circuit (003a) configured 

s with the 3.3 V MOS transistor having the gate insulating 

PJ film thickness (TOX) = 8 nm and the minimum processing gate 

jp length (Lg) = 0.4 jUm, and the input circuit (001b) and the output 

circuit (003b) configured with the 2.5 V MOS transistor (006) 
having the gate insulating film thickness (TOX) = 6 nm and the 
minimum processing gate length (Lg) = 0.3 jum. Further, when 
the LSI of 3 .3 V specification is manufactured, the wiring (010) 
of 3.3 V specification is connected in the wiring formation step, 
and when the LSI of 2.5 V specification is manufactured, the 
wiring (011) of 2.5 V specification is formed. 

When the second circuit construction is adopted, it is 
possible to avoid the problem of increasing the delay times of 
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the input circuit (001) and the output circuit (003), in the 
LSI with the specification of the external supply voltage (VDD) 
being 2.5V. However, in either of the LSI of 2.5 V 
specification and the LSI of 3.3 V specification, the size of 
the input/output circuit becomes double, compared with the 
first circuit construction, which leads to a problem that 
increases the chip size and the production cost. 

The present invention has been made in view of these 
circumstances, and it is an object of the invention to provide 
a system that realizes the h igh-s peed operation of a 

nj " — " 

Q semiconductor device that conforms to plural^ supply voltage 

5l specifications. 

M Another object of the invention is to provide a system 

O that reduces the production cost of a semiconductor device 

in 

P conforming to plural supply voltage specifications. 

Another object of the invention is to provide a system 
that shortens the development term of a semiconductor device 
conforming to plural supply voltage specifications. 

The above and other objects and novel features of the 
invention will become apparent from the descriptions and 
accompanying drawings of this specification. 
J^y^ In accordance with one aspect^of the invention, the 
semiconductor device includes an input circuit or an output 
circuit configured with a plurality of\first MOS transistors 
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in a first area of a principal plane on a semiconductor / substrate, 
and an internal circuit configured with a plurality of second 
MOS transistors in a second area of the principal plane on the 
semiconductor substrate, in which a spacing between a fist gate 
electrode of the first MOS transistors constituting the input 
circuit or the output circuit and a first contact hole for 
connecting a wiring to a source region or a drain region of the 
first MOS transistors is larger than a minimum processing 



jjj dimension of the spacing/between the first gate electrode and 



the first contact hole, and a spacing between a second gate 



a 

n 

q electrode of theysecond MOS transistors constituting the 



y'j internal circuit and a second contact hole for connecting a 

J.* wiring to a/source region or a drain region of the second MOS 

ry 

C3 transist-ors is equal to a minimum processing dimension of the 

2 / 

C3 spaci-ng between the second gate electrode and the second contact 



hole. 

In accordance with another aspect of the invention, the 
semiconductor device includes an input circuit or an output 
circuit configured with a plurality of first MOS transistors 
in a first area of a principal plane on a semiconductor substrate, 
and an internal circuit configured with a plurality of second 
MOS transistors in a second area of the principal plane on the 
semiconductor substrate, in which a spacing between an edge of 
a first active region where the first MOS transistors 
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constituting the input circuit or the output circuit are formed 
and a first contact hole for connecting a wiring to a source 
region or a drain region of the first MOS transistors is larger 
than a minimum processing dimension of the spacing between the 
edge of the first active region and the first contact hole, and 
a spacing between an edge of a second active region where the 
second MOS transistors constituting the internal circuit are 
formed and a second contact hole for connecting a wiring to a 

Li 

q source region or a drain region of the second MOS transistors 

q is egual to a minimum processing dimension of the spacing 

Hi 

£3 between the edge of the second active region and the second 

yj contact hole. 

b k In accordance with another aspect of the invention, the 

w 

C5 method of manufacturing a semiconductor device includes plural 

U] 

processes for forming plural types of MOS transistors to which 
different power supply voltages are applied in correspondence 
with external power supply voltages, in which the plural 
processes are composed of a process common to the plural types 
of MOS transistors and a process different by each of the plural 
types of MOS transistors. 

In accordance with another aspect of the invention, the 
method of manufacturing a semiconductor device includes the 
steps of: forming a first semiconductor device configured with 
a plurality of first MOS transistors, which includes an input 
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circuit or an output circuit supplied with a first external 
supply voltage, on a principal plane of a first semiconductor 
wafer, and forming on the principal plane of a second 
semiconductor wafer a second semiconductor device configured 
with a plurality of second MOS transistors, including an input 
circuit or an output circuit supplied with a second external 
supply voltage different from the first external supply voltage, 
which has the same function as the first semiconductor device. 
The plural processes that form the first MOS transistors on the 
principal plane of the first semiconductor wafer, and the plural 
processes that form the second MOS transistors on the principal 
plane of the second semiconductor wafer are composed of a first 
process common to the first and second MOS transistors, a second 
process following the first process, which is different in the 
first MOS transistors and the second MOS transistors, and a 
third process following the second process, which is common to 
the first and second MOS transistors. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1 is a block diagram of a semiconductor chip that 

incorporates an SRAM as one embodiment of the invention; 

Fig. 2 is a block diagram of a semiconductor chip that 

incorporates an SRAM as one embodiment of the invention; 

Fig. 3 is a circuit diagram illustrating a data output 



circuit of the SRAM as one embodiment of the invention; 

Fig. 4 is a chart illustrating waveforms of internal 
operations in the data output circuit shown in Fig. 3; 

Fig. 5 is a circuit diagram illustrating an address input 
circuit and a data input register of the SRAM as one embodiment 
of the invention; 

Fig. 6 is a chart illustrating the amplitude of the address 
input signal inputted to the address input circuit shown in Fig. 
5; 

Fig. 7(a) is a plan view of a 3.3 V withstanding MOS 
transistor formed on the first silicon chip, and Fig. 7(b) is 
a plan view of a 1.5 V withstanding MOS transistor formed on 
the second silicon chip; 

Fig. 8(a) is a plan view of a 2.5 V withstanding MOS 
transistor formed on the first silicon chip, and Fig. 8(b) is 
a plan view of a 1.5 V withstanding MOS transistor formed on 
the second silicon chip; 

Fig. 9 is a sectional view illustrating a process of 
manufacturing the SRAM as one embodiment of the invention; 

Fig. 10 is a sectional view illustrating a process of 
manufacturing the SRAM as one embodiment of the invention; 

Fig. 11 is a sectional view illustrating a process of 
manufacturing the SRAM as one embodiment of the invention; 

Fig. 12 is a sectional view illustrating a process of 
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manufacturing the SRAM as one embodiment of the invention; 

Fig. 13 is a sectional view illustrating a process of 
manufacturing the SRAM as one embodiment of the invention; 

Fig. 14 is a sectional view illustrating a process of 
manufacturing the SRAM as one embodiment of the invention; 

Fig. 15 is a sectional view illustrating a process of 
manufacturing the SRAM as one embodiment of the invention; 

Fig. 16 is a sectional view illustrating a process of 
jjt manufacturing the SRAM as one embodiment of the invention; 

J! Fig. 17 is a sectional view illustrating a process of 

PJ 

p manufacturing the SRAM as one embodiment of the invention; 

o 

■Q Fig. 18 is a sectional view illustrating a process of 

h b manufacturing the SRAM as one embodiment of the invention; 

w 

C3 Fig. 19 is a plan view and a sectional view illustrating 

p the process of manufacturing the SRAM as one embodiment of the 

invention; 

Fig. 20 is a plan view and a sectional view illustrating 
the process of manufacturing the SRAM as one embodiment of the 
invention; 

Fig. 21 is a sectional view illustrating a process of 
manufacturing the SRAM as one embodiment of the invention; 

Fig. 22 is a sectional view illustrating a process of 
manufacturing the SRAM as one embodiment of the invention; 

Fig. 23 is a flow chart illustrating a process of 
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manufacturing the SRAM as one embodiment of the invention; 

Fig. 24 is a flow chart illustrating a process of 
manufacturing the SRAM as another embodiment of the invention; 

Fig. 25 is a flow chart illustrating a process of 
manufacturing the SRAM as another embodiment of the invention; 

Fig. 26 is a plan view illustrating a MOS transistor of 
the SRAM as another embodiment of the invention; 

Fig. 27 is a chart illustrating the supply voltage 

specifications of the SRAM of the invention; 

q Fig. 28 is a plan view illustrating a MOS transistor of 

ft 

p the SRAM as another embodiment of the invention; 

D 

yj Fig. 29 is a chart illustrating one example of the supply 

V k voltage specifications required for an LSI; 

fU 

C3 Fig. 30 is a chart illustrating one example of the gate 

yi 

CJ insulating film thickness (TOX) and the minimum processing gate 

H- 

length (Lg) of a MOS transistor to be optimized to conform to 
the supply voltages shown in Fig. 29; 

Fig. 31 is a block diagram illustrating one example of 
an LSI circuit configuration that conforms to the supply voltage 
specifications shown in Fig. 29; 

Fig. 32 is a detailed circuit diagram of a part of the 
circuit shown in Fig. 31; 

Fig. 33 is a chart illustrating the waveforms of internal 
operations in the circuit shown in Fig. 32; and 



12 



Fig. 34 is a block diagram illustrating another example 
of the LSI circuit configuration that conforms to the supply 
voltage specifications shown in Fig. 29. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The preferred embodiments of the invention will be 
described with reference to the accompanying drawings. The 
components and members having the same functions throughout the 
drawings are given the same numeric symbols to avoid the 

H 

p repeated explanations. 

PJ 

q [Embodiment 1] 

Jjj Fig. 1 is a circuit block diagram of a silicon chip la 

|=t where an SRAM (Static Random Access Memory) as one embodiment 

n 

£5 of the invention is formed. This SRAM is a high-speed SRAM 

€3 having an 8 Megabit storage capacity that is used for a cache 

memory of a workstation or the like. The SRAM includes an 
internal circuit 101 that is composed of a memory cell array 
106 having plural memory cells formed therein, a row decoder 
107, a column decoder 108, a sense amp/write amp 109, an address 
register 110, a data output register 111, and a data input 
register 112, etc. , and an input/output circuit that is composed 
of an address input circuit 102, a data input circuit 103, a 
data output circuit 104, and a clock buff er 105 . Through a data 
input/output pad DQ, a data signal is inputted to the data input 
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circuit 103, and is outputted from the data output circuit 104. 
An address input signal is inputted to the address input circuit 
102 through an address input pad AD. A clock signal is inputted 
to the clock buffer 105 through a clock input pad CK. 

The SRAM formed on the silicon chip la is supplied with 
the lower voltage (2.5 V) of the two types (3.3 V and 2.5 V) 
of the external supply voltages (VDD) as shown in Fig. 29, in 
correspondence with the specifications. 
q The I/O supply voltage (VDDQ) being the maximum value of the 

|jj input signal level inputted to the SRAM is 2.5 V, which is the 

q same as the external supply voltage (VDD) . Further, the 

6 

internal circuit 101 is designed to operate with the internal 

M supply voltage (VDDI) of 1.5 V, which is lower than the external 

Pi 

tt supply voltage (VDD) , in order for higher speed and lower power 

Ul 

C3 consumption. 

Fig. 2 is a circuit block diagram of an 8 Megabit 
high-speed SRAM formed on another silicon chip lb. This SRAM 
has the same function as the SRAM formed on the silicon chip 
la, and the same degree of integration. However, this SRAM is 
supplied with the higher voltage (3.3 V) of the two types (3.3 
V and 2.5 V) of the external supply voltages (VDD), in 
correspondence with the specifications. The I/O supply 
voltage (VDDQ) being the maximum value of the input signal level 
inputted to this SRAM is 3.3 V, which is the same as the external 
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supply voltage (VDD) . Further, the internal circuit 101 is 

designed to operate with the internal supply voltage (VDDI) of 

1.5 V, which is lower than the external supply voltage (VDD), 

in order for higher speed and lower power consumption. 

With regard to the SRAM formed on the first silicon chip 

la and the SRAM formed on the second silicon chip lb, only part 

of the MOS transistors constituting the input/output circuit 

are different, but the other circuits are made up with the same 

' rk MOS transistors. That is, the SRAM formed on the silicon chip 

D 

P la is optimized so that the MOS transistors constituting the 

W 

C3 input/output circuit can operate at a high speed with the supply 

a 

jl voltage of 2.5 V; and the SRAM formed on the silicon chip lb 

u is optimized so that the MOS transistors constituting the 

w 

O input/output circuit can operate at a high speed with the supply 

jn 

C3 voltage of 3.3 V. These two types of SRAMs are furnished with 

the step-down circuits that supply the internal circuit 101 with 
the internal supply voltage (VDDI) of 1.5 V, in either case of 
3.3 V and 2.5 V for the external supply voltage (VDD). 

Fig. 3 is a concrete circuit diagram of the data output 
circuit 104, and Fig. 4 is a waveform chart illustrating the 
internal operations of the data output circuit 104. 

Among the MIS transistors tlriat constitute the data output 
circuit 104, the n-channel MOS trahsistors (f32, f34, f36) and 
the p-channel MOS transistors (f31,\f33, f35, f37) are directly 
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supplied with the I/O supply voltage (VDDQ) that differs 
depending on the external supply voltage specifications. 
Therefore, the MOS transistors (f3l/to f37) formed on the 
silicon chip la are designed to withstand 2. 5 V so as to exhibit 
the high-speed performance when the I/O supply voltage (VDDQ) 
of 2.5 V is supplied thereto. On the other hand, the MOS 
transistors (f31 to f37)/formed on the silicon chip lb are 
designed to withstand/3.3 V so as to exhibit the high-speed 
performance when the I/O supply voltage (VDDQ) of 3.3 V is 



q 

supplied thereto/ The other MOS transistors of the data output 
pj / 

ri circuit 104 aire designed to withstand 3.3 V for both the silicon 

E5 / 

■43 chip la an,d lb, so that they can be used with the two kinds of 

M supply /Voltages (2.5 V, 3.3 V). 

Pi 

□ Fig. 5 is a concrete circuit diagram of the address input 

Ui 

C3 circuit 102 and the data input register 112, and Fig. 6 is a 

!■* 

waveform chart illustrating the address input signal AD 
inputted to the address input circuit 102. 

As shown in Fig. 6, usually the address input signal AD 
is a small amplitude signal appeared against the reference 
voltage (VREF) ; however, when it takes the maximum amplitude, 
the address input signal AD becomes the same voltage as the I/O 
supply voltage (VDDQ). Therefore, the MOS transistors (f21 and 
f22) formed on the silicon chip la are designed to withstand 
2.5 V so as to exhibit the high-speed performance when the I/O 
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supply voltage (VDDQ) of 2 . 5 V is supplied thereto . On the other 
hand, the MOS transistors (f21 and f22) formed on the silicon 
chip lb are designed to withstand 3.3 V so as to exhibit the 
high-speed performance when the I/O supply voltage (VDDQ) of 
3.3 V is supplied thereto. 

Fig. 7(a) is a plan view of the 3.3 V withstanding MOS 
transistor formed on the silicon chip lb, and Rig . 7(b) is a 
plan view of the 1.5V withstanding MOS transistor formed on 
jj* the same silicon chip lb . The 3 . 3 V withstanding MOS transistor 

and the 1.5 V withstanding MOS transistc/r each have the gate 
insulating film thickness (TOX) and the/minimum processing gate 
35 length (Lg) as shown in Fig. 30. Inythe 3.3 V withstanding MOS 

u transistor, the spacing between yhe gate electrode 8b and the 

W 

C3 contact hole 17 for connecting/£he source and drain regions to 

yl / 
Q the wiring region is formed in the minimum processing dimension 

M / 

(a) of this spacing, in order to promote the microstructure. 

Also, in the 1.5 V withstanding MOS transistor, the spacing 

between the gate electrode 8c and the contact hole 16 for 

connecting the source and drain regions to the wiring region 

is formed in the minimum processing dimension (a) of this 

spacing, from the same reason. 

Fig. 8(a) is a plan view of the 2.5 V withstanding MOS 

transistor formed on the silicon chip la, and Fig. 8(b) is a 

plan view of the 1.5V withstanding MOS transistor formed on 
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the same silicon chip la. The 2.5V withstanding MOS transistor 
and the 1.5 V withstanding MOS transistor each have the gate 
insulating film thickness (TOX) and the minimum processing gate 
length (Lg) as shown in Fig. 30. 

The 1.5 V withstanding MOS transistors constituting the 
SRAM internal circuit 101 take on the common structure to the 
silicon chips la and lb. That is, the 1.5 V withstanding MOS 
transistor formed on the silicon chip la and the 1 . 5 V withstanding 
MOS transistor formed on the silicon chip lb are formed on an 

p active region 31 that has the same size, thus having the same 

H 

pj gate insulating film thickness (TOX) and the gate length (Lg) . 

□ 

O Also, the spacing between the gate electrode 8c and the contact 

f hole 16 for connecting the source and drain regions to the wiring 
region is formed identically in the minimum processing dimension 

l i! (a) of this spacing. 

y 

Y " On the other hand, the 2.5 V withstanding MOS transistor 

formed on the silicon chip la and the 3.3V withstanding MOS 
transistor formed on the silicon chip lb are formed on an active 
region 30 that has the same size, but the gate insulating film 
thickness (TOX) and the gate lengths (Lg) of the above two types 
of transistors are different from each other. 
Therefore, if the spacing between the gate electrode 8b and the 
contact hole 17 of the 3.3 V withstanding MOS transistor is 
formed in the minimum processing dimension (a) of this spacing, 
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the spacing between the gate electrode 8b and the contact hole 
17 of the 2.5 V withstanding MOS transistor having the shorter 
gate length (Lg) will be increased by Of against the minimum 
processing dimension (a) of this spacing. Here, Ot is equal to 
half the difference between the minimum processing gate length 
(Lg) of the 3.3V withstanding MOS transistor and the minimum 
processing gate length (Lg) of the 2.5 V withstanding MOS 
transistor. 

Next, the method of manufacturing the SRAM of the 3.3 V 
specification and the SRAM of the 2.5V specification will be 
explained with reference to Fig. 9 through Fig. 23. 

First, as shown in Fig. 9, a device isolation groove 2 
is formed on the principal plane of a silicon wafer 1 (hereunder, 
also referred to as a substrate) made of the p-type single 
crystal silicon having a specific resistance of about 1 to 10 
Qcm. The device isolation groove 2 is formed through the 
processing: etching a device isolation region on the substrate 
1 to form a groove, next depositing a silicon oxide film 3 on 
the substrate 1 including the inside of the groove by means of 
the CVD method, and then polishing to remove the silicon oxide 
film 3 on the outside of the groove by means of the CMP (Chemical 
Mechanical Polishing) . 

Next, as shown in Fig. 10, the processing advances to 
executing the ion implantation of the n-type impurities (for 
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example, phosphorus) to one part of the substrate 1, and 
executing the ion implantation of the p-type impurities (for 
example, boron) to the other one part of the substrate 1, and 
then executing the heat treatment of the substrate 1 to diffuse 
the impurities, thereby forming the p-type well 4 on the one 
part of the substrate 1 and the n-type well 5 on the other one 
part thereof. 

The manufacturing method in this embodiment stores 
^* multiple sheets of the silicon wafers 1 on which the above wells 

p (p-type well 4, n-type well 5) have been formed, by each lot. 

p After the production quantities of the SRAM of the 3.3 V 

a 

$ specification and the SRAM of the 2.5V specification are fixed, 

|=4 these silicon wafers 1 are classified into a silicon wafer 1A 

vi 

P used for manufacturing the SRAM of the 2.5 V specification and 

Ul 

ti a silicon wafer IB used for manufacturing the SRAM of the 3.3 

V specification, and the following processing is applied to the 
silicon wafer 1A and the silicon wafer IB. 

First, as shown in Fig. 11(a), after the surface of the 
silicon wafer 1A of the 2.5 V specification is cleaned with 
hydrofluoric acid, the wet oxidation is applied to form a clean 
silicon oxide film 6a on each of the surfaces of the p-type well 
4 and the n-type well 5. Also, as shown in Fig. 11(b), after 
the surface of the silicon wafer IB of the 3.3 V specification 
is cleaned with hydrofluoric acid, the wet oxidation is applied 
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to form a clean silicon oxide film 6b on each of the surfaces 
of the p-type well 4 and the n-type well 5. The wet oxidation 
to the silicon wafer IB takes a longer time (or applies a higher 
temperature) in comparison to the silicon wafer 1A, so that the 
thickness of the silicon oxide film 6b is made slightly thicker 
than that of the silicon oxide film 6a. 

Next, as shown in Fig. 12(a), the input/output circuit 
area of the silicon wafer 1A is overlaid with a photo resist 
j|* film 40, and the wet etching with hydrofluoric acid is applied 



thereon, to remove the gate insulating film 6a in the internal 



j-j circuit area. Also, as shown in Fig. 12(b), the input/output 

Q 

y3 circuit area of the silicon wafer IB is overlaid with a photo 

resist film 41, and the same method as above is applied to remove 

W 

□ the gate insulating film 6b in the internal circuit area. 

m 

C3 Next, after the photo resist film 40 on the silicon wafer 

1A is removed, as shown in Fig. 13(a), the wet oxidation is 
applied to the silicon wafer 1A, whereby a gate oxide film 7c 
of 3 nm thick is formed on each of the surfaces of the p-type 
well 4 and the n-type well 5 in the internal circuit area. This 
wet oxidation will thicken the silicon oxide film 6a in the 
input/output circuit area, which forms a gate oxide film 7a of 
6 nm thick on each of the surfaces of the p-type well 4 and the 
n-type well 5 in the input/output circuit area. 

Also, after the photo resist film 41 on the silicon wafer 
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IB is removed, as shown in Fig. 13(b), the wet oxidation is 

applied to the silicon wafer IB, whereby the gate oxide film 

7c of 3 nm thick is formed on each of the surfaces of the p-type 

well 4 and the n-type well 5 in the internal circuit area. This 

wet oxidation will thicken the silicon oxide film 6b in the 

input/output circuit area, which forms a gate oxide film 7b of 

8 nm thick on each of the surfaces of the p-type well 4 and the 

n-type well 5 in the input/output circuit area. 

jjlj Next, as shown in Fig. 14(a), a gate electrode 8a of the 

□ 

gate length 0.3 flm is formed in the input/output circuit area 

w 

q of the silicon wafer 1A, and the gate electrode 8c of the gate 

D 

length 0.14 U m is formed in the internal circuit area. The 
M- gate electrodes 8a, 8c are formed in an example through the 

£3 processing of: depositing an n-type polycrystal silicon film 

on the silicon wafer 1A by the CVD method, and thereafter 
patterning this polycrystal silicon film by the dry etching with 
the photo resist film served as the mask. 

Next, as shown in Fig. 14(b), the gate electrode 8b of 
the gate length 0.4 jl/m is formed in the input/output circuit 
area of the silicon wafer IB, and the gate electrode 8c of the 
gate length 0.14 jUm is formed in the internal circuit area. 
The gate electrodes 8b, 8c are formed in the same manner as the 
gate electrodes 8a, 8c, by patterning the n-type polycrystal 
silicon film deposited on the silicon wafer IB. 



□ 
V- 
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Next, as shown in Fig. 15(a), the ion implantation is 
executed to the p-type well 4 of the silicon wafer 1A with the 
n-type impurities (phosphorous or arsenic) to thereby form an 
n"-type semiconductor region 10, and the ion implantation is 
executed to the n-type well 5 with the p-type impurities (boron) 
to thereby form a p~-type semiconductor region 11. Also, as 
shown in Fig. 15(b), the ion implantation is executed to the 
p-type well 4 of the silicon wafer IB with the n-type impurities 
^ (phosphorous or arsenic) to thereby form the n"- type 

semiconductor region 10, and the ion implantation is executed 

6 

f!j to the n-type well 5 with the p-type impurities (boron) to 

6 

□ thereby form the p"-type semiconductor region 11. Here, the 

s n"-type semiconductor region 10 and the p~-type semiconductor 

W region 11 are formed to construct the MOS transistor into the 



a 



LDD (lightly doped drain) structure. 

Next, as shown in Fig. 16(a), a silicon nitride film is 
deposited on the silicon wafer 1A by the CVD method, and 
thereafter an anisotropic dry etching is applied to this silicon 
nitride film to thereby form a side wall spacer 12 on each of 
the side walls of the gate electrodes 8b, 8c. 
Also, as shown in Fig. 16(b), the silicon nitride film is 
deposited on the silicon wafer IB by the CVD method, and 
thereafter the anisotropic dry etching is applied to this 
silicon nitride film to thereby form the side wall spacer 12 
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on each of the side walls of the gate electrodes 8b, 8c. 

Next, as shown in Fig. 17(a), the ion implantation is 
executed to the p-type well 4 of the silicon wafer 1A with the 
n-type impurities (phosphorous or arsenic) to thereby form an 
n + -type semiconductor region (source, drain region) 13, and the 
ion implantation is executed to the n-type well 5 with the p-type 
impurities (boron) to thereby form a p + -type semiconductor 
region (source, drain region) 14 . Also, as shown in Fig. 17 (b) , 
the ion implantation is executed to the p-type well 4 of the 
ft silicon wafer IB with the n-type impurities (phosphorous or 

nj 

p arsenic) to thereby form the n -type semiconductor region 

h 

• t j3 (source, drain region) 13, and the ion implantation is executed 

H- to the n-type well 5 with the p-type impurities (boron) to 

ni 

£3 thereby form the p + -type semiconductor region (source, drain 

U1 

C3 region) 14. 

H* 

The process up to here forms 2.5V withstanding n-channel 
MOS transistors Fna and p-channel MOS transistors Fpa in the 
input/output circuit area of the silicon wafer 1A, and 1.5 V 
withstanding n-channel MOS transistors Qn and p-channel MOS 
transistors Qp in the internal circuit area. Also, the process 
forms 3.3 V withstanding n-channel MOS transistors Fnb and 
p-channel MOS transistors Fpb in the input/output circuit area 
of the silicon wafer IB, and the 1.5V withstanding n-channel 
MOS transistors Qn and p-channel MOS transistors Qp in the 
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internal circuit area. 

Next, as shown in Fig. 18(a), the process deposits a 
silicon oxide film 15 on the silicon wafer 1A by the CVD method, 
thereafter applies the dry etching to the silicon oxide film 
15 with the photo resist film (not illustrated) served as the 
mask, and thereby forms contact holes 17 above each of the source 
and drain regions (n + -type semiconductor region 13, p + -type 
semiconductor region 14) of the n-channel MOS transistors Fna 
and p-channel MOS transistors Fpa in the input/output circuit 



area, and forms contact holes 16 above each of the source and 



fjj 

p drain regions (n + -type semiconductor region 13, p + -type 

yj semiconductor region 14) of the n-channel MOS transistors Qn 

§=& and p-channel MOS transistors Qp in the internal circuit area. 

PJ 

CJ Also, as shown in Fig. 18(b), the process deposits a 

yi 

C3 silicon oxide film 15 on the silicon wafer IB by the CVD method, 

thereafter applies the dry etching to the silicon oxide film 
15 with the photo resist film (not illustrated) served as the 
mask, and thereby forms contact holes 17 above each of the source 
and drain regions (n + -type semiconductor region 13, p + -type 
semiconductor region 14) of the n-channel MOS transistors Fnb 
and p-channel MOS transistors Fpb in the input/output circuit 
area, and forms contact holes 16 above each of the source and 
drain regions (n + -type semiconductor region 13, p + -type 
semiconductor region 14) of the n-channel MOS transistors Qn 
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and p-channel MOS transistors Qp in the internal circuit area. 

As shown in Fig. 19, in regard to the 3.3 V withstanding 

n-channel MOS transistors Fnb and p-channel MOS transistors Fpb 

that are formed in the input/output circuit area of the silicon 

wafer IB, the spacing between the gate electrode 8b and the 

contact holes 17 for connecting the wiring regions to the source 

and drain regions (n + -type semiconductor region 13, p + -type 

semiconductor region 14) is formed in the minimum processing 

j[J dimension (a) of this spacing. Also, in the 1 . 5 V withstanding 

p n-channel MOS transistors Qn and p-channel MOS transistors Qp 

P formed in the internal circuit area, the spacing between the 

Q 

gate electrode 8c and the contact holes 16 for connecting the 

M wiring regions to the source and drain regions (n + -type 

fU 

p semiconductor region 13, p + -type semiconductor region 14) is 

m 

Q formed in the minimum processing dimension (a) of this spacing . 

As shown in Fig. 20, the 2.5 V withstanding n-channel MOS 
transistors Fnb and p-channel MOS transistors Fpb formed in the 
input/output circuit area of the silicon wafer 1A are formed 
on the active region 30 that has the same size as the active 
region 30 where the 3.3 V withstanding n-channel MOS transistors 
Fnb and p-channel MOS transistors Fpb are formed. Therefore, 
with regard to the 2.5V withstanding n-channel MOS transistors 
Fnb and p-channel MOS transistors Fpb, the spacing between the 
contact holes 17 and the gate electrode 8a is increased in 
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comparison to the minimum processing dimension (a) of this 
spacing. 

Next, as shown in Fig. 21, metal wirings 20 to 27ad^e formed 
on the silicon wafer 1A; and, as shown in Fig. 22-^fietal wirings 
20 to 27 are formed on the silicon wafer IB. /The metal wirings 
20 to 27 are formed, for example, through the processing of: 
depositing an aluminum alloy film on the silicon oxide film 15 
including the insides of the/contact holes 16, 17 by the 
ji* spattering method, and patterning the aluminum alloy film by 

f =s the dry etching with^t'he photo resist film served as the mask. 



The metal wirings^20 to 27 on the silicon wafer 1A and the metal 
wirings 20 21 on the silicon wafer IB are formed in the same 



M manner /With the same photo mask. 

PJ 

□ The actual SRAM has the metal wirings of about three layers 

Ul 

C3 to overlie the metal wirings 20 to 27, but the detailed 



explanation will be omitted. These metal wirings are formed 
by the same system using the same photo mask to the silicon wafer 
1A and the silicon wafer IB, as the metal wirings 20 to 27. 
Thereafter, the silicon wafer 1A is divided into plural silicon 
chips la, and the silicon wafer IB is divided into plural silicon 
chips lb, thus attaining the silicon chip la in which the SRAM 
of 2.5 V specification is formed, as shown in Fig. 1, and the 
silicon chip lb in which the SRAM of 3 . 3 V specification is formed, 
as shown in Fig. 2. 
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Thus, according to this embodiment, in the construction 
of the SRAM of 2.5 V specification, the input/output circuit 
is configured with the 2.5 V withstanding MOS transistors, and 
in the construction of the SRAM of 3.3 V specification, the 
input/output circuit is configured with the 3.3V withstanding 
MOS transistors. Thereby, both the 2.5 V withstanding MOS 
transistors and the 3.3V withstanding MOS transistors attain 
the sufficient current drive capability, and the SRAMs of both 
specifications will achieve a higher performance speed of the 
P input/output circuit. 

p Further, according to this embodiment, the input/output 

a 

4% circuit configured with the 2.5 V withstanding MOS transistors 

r k and the input/output circuit configured with the 3.3 V 

PJ 

O withstanding MOS transistors are not needed to be formed in one 

m 

W and the same chip, which restricts the increase of the chip size, 

thus leading to an inexpensive high-speed SRAM. 

Further, according to this embodiment, the greater part 
of the manufacturing process can be made common as to the two 
types of SRAMs conforming to the specifications of the external 
supply voltages, which lightens the design work in comparison 
to the case of designing the SRAMs of the same function 
individually by each of the supply voltage specifications, 
thereby shortening the development term and reducing the 
manufacturing cost. 
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Furthermore, according to this embodiment, the 
arrangements on production can be made which store the silicon 
wafers having completed part of the manufacturing process 
common to the two types of the SRAMs, and after fixing the 
production quantities, manufacture the two types of the SRAMs 
with the silicon wafers. Thereby, the term form the receipt 
of order to the delivery can be shortened. 

q [Embodiment 2] 

5j In the foregoing embodiment 1, the gate insulating film 

w 

p thickness (TOX) and the gate length (Lg) of the 3.3 V 

q 

4*3 withstanding MOS transistor are specified as 8 nm and 0.4 U 

m, respectively; and the gate insulating film thickness (TOX) 

H and the gate length (Lg) of the 2 . 5 V withstanding MOS transistor 

Ul 
fj 

p are specified as 6 nm and 0.3 |/m, respectively. However, as 

shown in Fig. 24, the gate insulating film thickness (TOX) of 
the 3.3 V withstanding MOS transistor may be specified as 8 nm, 
the gate insulating film thickness (TOX) of the 2.5V 
withstanding MOS transistor as 6 nm, and the gate length (Lg) 
as 0.4 jUm, as being common to both. 

Further, as shown in Fig. 25, the additional ion 
implantation may be conducted to the channel formed areas for 
the 3.3 V withstanding MOS transistor, so as to achieve a 
high-speed operation at the supply voltage 3.3V, for further 
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optimization. 

Further, as shown in Fig. 26, the arrangements may be made 
in such a manner that the spacing (c) between the contact hole 
17 of the 3.3 V withstanding MOS transistor and the edge of the 
active region 30 is made equal to the minimum processing 
dimension (a) of the spacing between the contact hole 17 and 
the gate electrode 8b, and the spacing (c' ) between the contact 
hole 17 of the 2.5V withstanding MOS transistor and the edge 
pj of the active region 30 is made larger by a than the minimum 

fj processing dimension (a) of the spacing between the contact hole 

r3 

C3 17 and the gate electrode 8a. Here, OL is equal to half the 
D 

y3 difference between the minimum processing gate length (Lg) of 

M the 3.3V withstanding MOS transistor and the minimum processing 

C3 gate length (Lg) of the 2.5 V withstanding MOS transistor. 

yi 

In case of the 2.5 V withstanding MOS transistor, the 
spacing between the contact hole 17 and the gate electrode 8a 
becomes equal to the minimum processing dimension (a) , which 
restricts the decrease of currents by diffused resistors. 

Further, as shown in Fig. 27, in a case that the lower 
I/O supply voltage (VDDQ) is equal to the internal supply 
voltage (VDDI), the input/output circuit of the 2.5 V 
specification can be configured with the 1.5V withstanding MOS 
transistor, in the same manner as the internal circuit . In this 
case, all the MOS transistors in the SRAM of 2.5 V specification 
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o 
□ 



are made up with one kind of gate insulating film, which permits 
a further reduction of the manufacturing process. 

The embodiments having been described concretely, it is 
natural that the invention is not limited to the above 
embodiments, and various modifications and changes will be 
possible without departing from the spirit and scope of the 
invention. 

The above embodiments have related the SRAM conforming 
to two types of external supply voltage specifications as an 

example, however the invention can be applied in general to a 

fl] 

q semiconductor device having high-speed ICs conforming to plural 

Ei 

external supply voltage specifications, 
ft The invention exhibits the following effects as typical 

C3 ones. 

m 

C3 The invention achieves a high-speed performance of a 

semiconductor device conforming to plural supply voltage 
specifications. 

The invention achieves a reduction of the manufacturing 
cost of a semiconductor device conforming to plural supply 
voltage specifications. 

The invention achieves a shortening of the development 
term of a semiconductor device conforming to plural supply 
voltage specifications. 



31 



